The aim of this study was to analyze the bone mineral content (BMC) of the skeleton and the body composition in lean and fat masses in a population of young overweight subjects, before diet or medical intervention. A total of 496 white youths (298 females, 198 males) were studied. Their body mass index (BMI) values were 29.2 Ϯ 5.5 kg/m 2 in females and 28.3 Ϯ 5.1 kg/m 2 in males, corresponding to relative weights (wts) [actual wt, W, divided by the mean wt normal for height (ht), Wi] of 1.55 Ϯ 0.24 and 1.53 Ϯ 0.24, respectively. Whole-body dual-energy x-ray absorptiometry (DXA) scans were performed (Norland XR36 DXA system) to obtain the total BMC (BMCt), lean tissue mass (LTMt) and fat mass (FMt), as well as the values of the corresponding parameters in arms (a), legs (l), and abdomen (ab). The measured data were compared with theoretical values calculated for Wi. The differences with reference values in LTMt and FMt were sex dependent, and the accretion in FMt, greater in males than in females, yielded a similar FMt/LTMt ratio in both sexes. The wt corresponding to the BMC of the bearing skeleton, lower than the actual wt by about 20%, seemed a reasonable first step to consider in the wt management of these youths. T he prevalence of overweight and obesity among children and adolescents is rapidly increasing in industrialized populations as well as in developing countries where lifestyles are rapidly changing (1-8). Because health risks and associated diseases increase as wt increases (9,10), monitoring body wt, and more specifically the fat mass, during the growth period is necessary. First of all, to bring the wt of overweight youths as close as possible to their healthy wt for ht and, thus, to prevent the development of chronic conditions such as type 2 diabetes or cardiovascular diseases (10 -14). The technical problem of body composition assessment has become relatively simple, and several methods are available. With its high precision, low irradiation dose (15), relatively low cost, and immediate delivery of precise results, dual energy x-ray absorptiometry (DXA) is certainly one of the most appropriate techniques. Although DXA can give values that differ from other methods, such as bioelectrical impedance analysis or total body electrical conductivity, since its pioneer use to measure body composition by Mazess et al. (16), several papers have shown that the technique is close to total body potassium for the assessment of fat-free mass (17), highly correlated with other methods (18), and accurate (19, 20) . It is also very sensitive to small changes in body composition (21, 22) . Therefore, DXA seems to be a simple technique to measure the body composition in overweight subjects.
T he prevalence of overweight and obesity among children and adolescents is rapidly increasing in industrialized populations as well as in developing countries where lifestyles are rapidly changing (1) (2) (3) (4) (5) (6) (7) (8) . Because health risks and associated diseases increase as wt increases (9, 10) , monitoring body wt, and more specifically the fat mass, during the growth period is necessary. First of all, to bring the wt of overweight youths as close as possible to their healthy wt for ht and, thus, to prevent the development of chronic conditions such as type 2 diabetes or cardiovascular diseases (10 -14) . The technical problem of body composition assessment has become relatively simple, and several methods are available. With its high precision, low irradiation dose (15) , relatively low cost, and immediate delivery of precise results, dual energy x-ray absorptiometry (DXA) is certainly one of the most appropriate techniques. Although DXA can give values that differ from other methods, such as bioelectrical impedance analysis or total body electrical conductivity, since its pioneer use to measure body composition by Mazess et al. (16) , several papers have shown that the technique is close to total body potassium for the assessment of fat-free mass (17) , highly correlated with other methods (18) , and accurate (19, 20) . It is also very sensitive to small changes in body composition (21, 22) . Therefore, DXA seems to be a simple technique to measure the body composition in overweight subjects.
The main objective of the present work was to analyze the bone mineral content (BMC) of the entire skeleton, and the body composition in LTM and fat mass in a population of overweight youths, before any diet or medical intervention. The BMC of the arms and legs, their lean and fat masses, as well as the lean and fat masses at the abdomen level were also obtained. Data were compared with the corresponding mean values calculated for the ideal wt for ht by using the equations of correlation previously established in a reference population of the same French origin (23) . Finally, the body wt that would be appropriate to the measured bone mineral content (BMCj) value was estimated to define a reasonable horizon in the wt management for each patient.
METHODS

Subjects.
A white population of 496 overweight children and adolescents (298 females, 198 males), with age ranging from 3.5 to 18.7 y, was studied at the time they entered a body wt control program. These subjects were randomly chosen in a population of overweight coming from the French middle class. They did not present any other known disease and therefore were under no particular treatment. The degree of overweight was defined from their BMI and was evaluated with reference to the ideal mean wt (Wi) for their actual ht (H). This wt was calculated by using equations of correlation given in Appendix 1, and the ratio K ϭ W/Wi was used. The DXA scans, which were part of the clinical assessment defined in this study, were approved by the Review Board of Hôpital Debrousse. The subjects and their parents were clearly informed of the details of the program, especially those related to DXA measurements, and gave their consent.
DXA scanning. Whole-body DXA scans of the patients were performed on a Norland XR36 DXA system. The following scanning parameters were used: pixel size, 6.5 mm ϫ 13.0 mm; and scan speed, 260 mm/s.
Possible influence of fat on bone results. To define the possible correction to apply to BMC values due to the body fat increase, a spine phantom provided by the manufacturer of the DXA scanner was scanned in 10 sessions of five measurements each, with and without the addition of a polymethylmethacrylate (PMMA) block, covering the entire phantom and 58 mm thick. Measured with the DXA spine protocol, this PMMA block was equivalent to extra-lean and extra-fat masses of 40.0 g and 94.3 g per centimeter of thickness, respectively, while no bone equivalent was added.
Statistics. The usual methods of correlation were used. Tests (normality test of Kolmogorov-Smirnov; t tests) were performed with SigmaStat V. 3.5 (Systat Software Inc., Point Richmond, CA).
Data analysis. Data used in this study corresponded to the results obtained by using the standard analysis software for whole-body scans. Total and regional data (arms, legs, and abdomen, the latter region being delimited by the last ribs and the ischium) were studied. Bone data were noted (j ϭ t, a, l, standing for total, arms and legs). Similarly, lean tissue mass and fat mass results were given as LTMj and FMj, respectively (j ϭ t, a, l, and ab for abdomen). These values were compared with the corresponding reference values, BMCji, LTMji, and FMji, calculated for the ideal wt Wi and derived from previous work that included 166 control subjects ages 2.5 y to 21 y (23) . Correlations between the ratios bt ϭ BMC total (BMCt)/BMC total less BMC of the head (BMCti), lt ϭ LTMt/LTMti, or ft ϭ FMt/FMti and K ϭ W/Wi were calculated, and FMt/LTMt values were compared with the FMti/LTMti ratios. The differences between the measured and the reference values are given hereafter with the prefix ⌬. Finally, the theoretical body wt calculated for BMCt-h (Wskel) would be appropriated, and the values of the ratios Wskel/W and Wskel/Wi were estimated. For that purpose, it was considered that the head plays no mechanical role in the skeleton, and its BMC was subtracted from BMCt, yielding to a parameter more representative of the bearing skeleton and noted as BMCt-h. Equations of correlation between W and this corrected BMC were used (unpublished data; equations given in Appendix 2).
RESULTS
Subjects' height and weight. The anatomical data of the subjects studied (Table 1) show that the ratio k ϭ H/Ha (Ha: normal ht for age) had mean values of 1.05 Ϯ 0.05 in both sexes, whereas the mean values for K ϭ W/Wi were close to 1.5 (Table 1) . These ratios were not significantly dependent on age (p Ͻ 0.001).
In vitro data. Although the superposition of the PMMA block on the spine phantom was equivalent to a threefold increase in its lean value and a 3. Patient whole-body data. In both sexes, bt ϭ BMCt/BMCti and lt ϭ LTMt/LTMti were moderately correlated with K ϭ W/Wi ( Fig. 1) , especially in males (r Յ 0.55). These poor correlations were associated with the relatively small ⌬BMCt and ⌬LTMt, roughly 10% and 20%, respectively, whereas FMt more than doubled its normal values, as indicated by the mean bt, lt, and ft values given in Table 2 . As expected, BMCt was well correlated with LTMt (r ϭ 0.93 in females, and 0.94 in males). However, a low correlation was found between bt and lt (r ϭ 0.41 in females and 0.30 in males). The distributions of bt, lt, and ft, are shown in Figures 2 to 4. The histograms drawn for bt values had a quite similar bell shape; however, the normality test failed (p ϭ 0.020 in females and p ϭ 0.002 in males). The peak values for bt were close in both sexes (Fig. 2) . The distribution of lt values ( Fig. 3 ) was different in females and males. In addition to the fact that the peak value for this parameter was lower in males than in females (1.15 versus 1.22, as indicated in Table 2 ), a trend toward higher lean values clearly appeared in the female distribution compared with the lt male distribution. Figure 4 shows that the distribution of ft values was also different in both sexes, with a trend toward higher values in boys than in girls.
The ratio FMt/LTMt was not dependent on age, and its mean values were 1.74 and 2.22 times higher than the mean values in controls in females and males, respectively, whereas fat presented quite similar percentage values of 48.0% and 45.4% of W (Table 2 ). In limbs, ⌬BMCj and ⌬LTMj (j ϭ a and l) values were higher in females than in males. Moreover, ⌬BMCa was lower than ⌬BMCl. In both sexes, ⌬LTMa was higher than ⌬LTMl. At the abdomen level, ⌬LTMab was low and quite similar in both sexes (ϩ7% and ϩ5%). In all regions . While the body wt increased by 2.5 times the ideal wt for ht, the changes in BMC values were approximately of ϩ35% in females and ϩ20% in males. Fat mass values were well correlated with K. Therefore, the equations of correlation found between ft and K values could be useful in clinical applications to estimate the supplement in fat mass in a given subject for whom H and W are known. of interest, and especially the abdomen, ⌬FM was much higher in boys than in girls ( Table 3 ). The distribution of the BMC, LTM, and FMt in the arms, legs, and abdomen, characterized by the ratios of the three parameters BMCj, LTMj, and FMj (j ϭ a, l, and ab) to the total body corresponding values (t) was significantly different from that in controls, except for BMCa, and LTMl in both sexes (Table 4) .
Finally, the head BMC represented 17.3 Ϯ 2.8% of BMCt in females and 17.9 Ϯ 3.5% in males (range, 10.3%-31.4%), and after adjustment to take into account this noneffective part of BMC in the bearing skeleton, it was found that the wt Wskel, for which the skeleton would be appropriated, was higher than Wi, by 15% in males and 18% in females, but The mean values in controls are shown in italics. * Significant differences between the measured and control values, at 95% confidence interval (p Յ 0.001).
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DISCUSSION
Patient data. The population studied was composed of 198 males and 298 females. Interestingly, the sex ratio, which was not defined a priori for the patient recruitment in this study, was 0.66, a value close to that (0.63) indicated by Rinderknecht and Smith (24) in a study of 155 youths who wanted to be thinner. The age range of our patients covered childhood and adolescence, with mean and median ages around 12 y. These are important periods of life for skeleton growth and the continuous development of a healthy body composition in lean and fat masses. Moreover, it has been shown that obesity acquired at these ages is likely to continue in adulthood to some degree in more than 50% of cases (25, 26) and with an increase of cardiovascular risk (27, 28) . The subjects in this study were taller than controls for age by approximately 1 SD. A similar fact was also noted by Freedman et al., who estimated that each SD increase in ht for age was associated with a 4.6-fold increase in the prevalence of overweight 5-to 8-y-old boys, and a 10-fold difference was found in the prevalence of overweight across quintiles of ht in children between the ages of 3 and 10 y (29, 30) . The actual wt of the subjects in our population was higher than their ideal wt for ht by approximately 50% (e.g. about 4.5 SDs). However, these large differences with the normality were not correlated with age. This finding indicates that significant overweight can be established early in the childhood period.
Phantom measurements. Studies have shown that possible anomalous bone results may be due to fat distribution alterations (31), a control of our DXA system response was performed on a phantom. The superposition of a PMMA block on the spine phantom used for the daily system calibration increased the measured lean and fat mass values of this phantom by a factor of 3.0 and 3.8, respectively. In the present study, however, the corresponding changes in the measured BMD and BMC values were ϩ0.7% and ϩ0.8%, respectively. Although these changes were significant (p Ͻ 0.05), they should be interpreted with regard to the precision of the DXA system, which was calculated to be 0.59% in vitro (23) . The introduction of a correction factor appeared therefore unnecessary.
Whole-body DXA data. The whole-body data were analyzed by using the ideal mean wt for ht, Wi, and reference data calculated from the equations defined in controls (23) . This makes it easy to show possible alterations in BMCj, LTMj, and FMj. Even though BMI is widely used to characterize adiposity (32), we did not consider only this parameter for the analysis of our data. In fact, BMI ϭ W/H 2 ϭ (BMCt ϩ LTMt ϩ FMt)/H 2 . Therefore, in every case, a significant correlation must be found between BMI and FMt. Moreover, the higher FMt values are, the better the correlation should be. This is certainly the reason why in some studies it has been found that BMI identified obese but not overweight children for whom the screening sensitivity of BMI was poor (33) , and up to 32% of females and 42% of male adolescents classified as overweight or obese do not present important adiposity (34) . Moreover, the changes in BMI values during growth (35, 36) show a decrease until age 6 -7, at which a minimum value is found, followed by a nonlinear increase. This variation makes BMI not of very high interest in the growth period in cases of growth advance or retardation. Conversely, wt for ht presents a simple monotonic mathematical relation with W, and its performance in predicting underweight or overweight in children and adolescents is similar to BMI (37) .
⌬BMCt values were poorly correlated with K ϭ W/Wi, apparently indicating that the skeleton cannot adapt to a wide range of wt changes. It should be considered, however, that some parts of the skeleton, which are not submitted to mechanical stresses, do not have to change significantly under wt alterations. This is especially true for the head, which makes up about 30% of BMCt between ages 3.5 and 18, as previously shown (Braillon et al., ASBMR meeting, September 1993, Tampa, FL) and found again in this study. Therefore, the theoretical wt Wskel that would correspond to the mechanical aptitude of the skeleton was estimated by using the value of BMCt-h ϭ BMCt Ϫ head BMC, a quantity that can be considered representative of the BMC of the bearing skeleton. This way, it was found that, despite a mean increase of about 10%, the BMC of the bearing skeleton remained 22% to 25% below the value, which would be adapted to the actual wt of the patients.
The ratio lj ϭ LTMj/LTMji and the associated ratio fj ϭ FMj/FMji are two sensitive indexes to quantify the lean and fat alterations in both sexes. The larger increase of ft in males than in females, with respect to the mean values in controls, was finally a trend toward equalizing the proportion of fat in both sexes. This trend also appeared clearly in the differences in FMt/LTMt and FMt percentages, which were of approximately 10% and 5% between male and female patients, while they were of 31% and 22% in our reference population.
In limbs, ⌬BMCl values were two times higher than ⌬BMCa values, a fact that strengthens the important influence of wt on bone dimension changes (38) . However, in both sexes, ⌬LTMa values were higher than ⌬LTMl values. In addition, ⌬FMa values were higher than ⌬FMl values by approximately 30% and were higher in males than in females. At the abdomen level, although ⌬LTMab values were of low magnitude and similar in both sexes, ⌬FMab values were close to 2.5 times and 3.5 times the normal values in females and males, respectively. At this level, it has been shown that the excess in adiposity is predominantly found in subcutaneous tissue (39) . The assessment of abdominal fat with DXA techniques cannot discriminate the subcutaneous fat from intra-abdominal adipose tissue (40) . However, in a magnetic Brambilla et al. (41) in obese adolescents over a 4-y period, it was shown that intraabdominal fat did not change significantly whereas subcutaneous adipose tissue increased significantly. Thus, it can be considered that measurements of the total abdominal fat mass by DXA is a reasonable approach with sufficient sensitivity to follow the possible changes in body composition. Finally, the high fat mass values found in major body regions in overweight boys yielded similar total fat percentage values in males and females and similar ratio values for FMt/LTMt, an aspect that could have important consequences on the risk of diseases and especially diseases related to insulin resistance syndrome (42) .
This study had some limitations. It was a case-control study. However, the control group and the patients included in the study were from the same general population. In addition, biological tests that could help to explain some differences between girls and boys, especially in fat trend, were not predefined and were missing.
Conversely, the analysis of the data were made by using a simple method based on the fact that, for a given patient ht, a normal wt and normal BMC, LTM, and FM values can be used as reference data. This approach had the advantage that physiologic changes in these parameters, especially at the time of puberty, were automatically taken into account as they are directly linked to the changes in ht. In addition, the results, expressed as ratios, are probably not dependent of the DXA system used.
In conclusion, in overweight subjects, the differences in BMC and lean and fat masses in normal youths are sex dependent. Moreover, in this population, the fat mass accretion is greater in males than in females and finally yielded similar body fat proportions in both sexes.
In clinical practice, the challenge is to manage the body wt of overweight patients as close as possible to its appropriate value during growth. The BMC of the bearing skeleton, especially legs, and the ratio FMt over LTMt might be important parameters to consider. However, as a first step, the wt for which the bearing skeleton should be adapted seemed a reasonable goal to achieve in this population of youths.
APPENDIX 1
Ideal weight (Wi in kilograms) for the actual ht (H in meters, obtained with three digits): females, 2.230 ϫ Exp (1.930 ϫ H); males, 2.413 ϫ Exp (1.868 ϫ H).
APPENDIX 2
Equations to calculate the mean body wt (Wskel) that would be in agreement with the measured BMC of the bearing skeleton, defined here as BMCt-h (BMCt less the head BMC), Wiskel: females, 26.9 ϫ BMCt-h ϩ 3420; males, 25.3 ϫ BMCt-h ϩ 4850.
